Unified power flow controller is the most functional type of FACTS so far. It can not only provide reactive power compensation to AC bus like STATCOM, but also control line power flow like SSSC. This paper studied the electromagnetic transient modeling and control strategy of the Suzhou South 500kV UPFC project, which will be delivered in 2018, and gave the simulation waves and operation characteristics of the model under steady state operation. This model will be used for the follow-up study of overvoltage and electromagnetic transient of the project.
INTRODUCTION
Suzhou south power grid is an important part of the Suzhou power grid. It mainly supplies power to the first grade Wujiang area in Suzhou, and the load accounts for 45% of the Suzhou power grid. State Grid Jinping-Sunan ±800kV UHVDC project (Jin-Su UHVDC) has brought enough effective power support to South of Suzhou south power grid [1] . However, in winter low water period, the power supply from Jin-Su UHVDC is greatly reduced, making the power flow distribution of Suzhou south grid nonuniform and the power flow on Meili-Mudu double-circuit lines too heavy. Learning from the successful experience of Nanjing 220kV UPFC project [2] [3] , UPFC installed in Mudu 500kV substation can effectively solve the above problems of Suzhou south power grid. The technology project of State Grid Corporation of China "500kv UPFC Coordinated Control and Protection Coordination Technology Research" needs to research on the overvoltage and electromagnetic transient characteristics of Suzhou South 500kV UPFC project. This paper studies the electromagnetic transient modeling and control strategy of this project to provide the basis for the follow-up research.
SUZHOU SOUTH 500KV AC SYSTEM ELECTROMAGNETIC TRANSIENT MODEL
According to the BPA power flow calculation data files provided by related departments and using BPA equivalent software and EMTPE electromagnetic transient simulation software, the equivalent model of Suzhou 500kV power grid for electromagnetic transient study can be obtained. Then the simulation model in PSCAD/EMTDC can be obtained according to the parameters in EMTPE model. The structure of 500kV AC system model for electromagnetic transient study is shown in Figure 1 .
The simulation model is mainly composed of the following parts:(1) Equivalent power models composed of an ideal power source and a mutually coupled three wires. After the equivalence of the AC System, the model needs to be checked. The result of power flow calculation and short circuit current calculation is the important data basis for the overvoltage and electro-magnetic transient research. Table I shows the results of the voltage and phase angle of each node in Figure 2 .1, power flow on the studied line, and the short circuit current of the studied AC bus. The results are basically the same as the data provided by the related departments and the results from EMTPE. 
CONTROL STRATEGY AND MODELING OF 500KV UPFC Valve Level Control
Sub-module is the basic unit of a modular multi-level converter (MMC). In actual engineering and simulation model, half bridge structure is applied in sub-modules. Nearest voltage level modulation (NLM) is a commonly used MMC modulation technology, which arranges the numbers of input sub-modules reasonably to make the output approach a sine wave. The sub-module voltage-sharing strategy can ensure that the capacitor voltage of each module is basically equal. The number sum of the upper and lower arm of each phase can keep the DC bus voltage stable. Therefore, we can get the following formula.
In above, U dc is the voltage of the DC bus; U SM is the voltage of each sub-module capacitor; N is the sum of input sub-modules of the upper and lower arm; u oi is the output voltage of the MMC converter; n iP and n iN is the number of input sub-modules of the upper and lower arm; U omax is the maximum output voltage of the MMC converter; i=a, b, c. Table II gives the device parameters of MMC converters in the simulation model. 
Converter Level Control
Referring the application of proportional resonant (PR) controller in MMC-HVDC [4] , it does not require complicated coordinate transformation. Compared with traditional PI control, it can effectively solve the influence of decoupling on control volume, and achieve no static error control for AC signals. The PR controller is composed of a proportional segment and a harmonious vibration segment. The transfer function of the PR controller is
(4) In above, k P is the ratio constant and k R is the time integral constant; ω 0 is the resonant frequency. 
With the Clark transformation, the mathematical model in the three phase stationary coordinate system can be transformed to the two phase stationary αβ coordinate system. Thus, the inner loop current controller formula is 
When the loss of the converter is constant, the control of DC bus voltage and the control of active power absorbed by the parallel converter are equivalent.Therefore, the control block diagram of the parallel converter can be obtained, as shown in Figure 3(a) . 
The control block diagram of the series converter is shown in Figure 3 
System Level Control
The parallel side and the series side are connected only through the DC bus. Through the control of parallel converter, the DC bus voltage can basically keep constant in normal operation, so that the two converters can be independently controlled. System level control needs to give the reference value of DC bus voltage, parallel side reactive power output, active and reactive power of the line, and measured values of electrical quantities. Figure 4 gives the structure block diagram of the UPFC integrated control system. 
RESULTS OF SIMULATION Simulation Waveforms of DC Side
The stability of DC bus voltage is a necessary condition for the stable operation of the UPFC parallel side and the series side. The DC bus voltage is stabilized by the parallel converter absorbing active power from the AC bus. Under normal operation, the waveform of DC bus voltage and sub-module capacitor voltage is shown in Figure 5 . The DC bus voltage can be stable at the reference value, the maximum fluctuation does not exceed 2kV ( Figure  5(a) ), and the maximum fluctuation of the capacitance voltage of the sub module does not exceed 0.3kV (Figure 5(a) ). 
Simulation Waveforms of Parallel Side
The parallel side converter can control the reactive power flow into the AC bus, as well the AC bus voltage can be controlled. The simulation waveforms under these two control modes are shown in Figure 6 .
Under reactive power control mode, at 1.75s simulation time, when the reference value is leaped from 100MVar to -100MVar, the corresponding overshoot of dynamic reactive step is 33MVar, and the overshoot ratio is 16.5% (Figure 6(a) ). The dynamic response time is about 4ms. Under AC bus Voltage control mode, the control range is about ±3kV which is limited by the converter capacity 250MVA. The overshoot ratio is 0%, and the dynamic response time is about 50ms (Figure 6(b) ). 
Simulation Waveforms of Series Side
The series side converter can control the active power and reactive power on the line in a certain range. At simulation time 1.25s, when the reference value of active power is -600MW from -800MW step, the overshoot is 6MW (3%), and the dynamic response time is 6ms (Figure 7(a) ). When the reference value of reactive power is -50MVar from 100MVar step, the overshoot is 8MVar (5.3%), and the dynamic response time is 5ms (Figure 7(b) ). PR controller was applied in this paper to control UPFC converters, which simplified the control strategy. The operation characteristic of the module was satisfied with the function of UPFC, including steady both state characteristics and dynamic corresponding characteristics. The parallel side could stabilize DC bus voltage and control AC bus voltage or reactive power, while the series side could control both active and reactive power on the line. The module will be applied to follow-up overvoltage and electromagnetic transient studies.
